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ABSTRACT

Alternatives to the AAP baseline Cluster Mission
for the ATM are being explored. Communications coverage data
on attalinable orbital altitudes for 28 and 56 day missions
at 28.5°, 50° and 63.5° inclination angles are compared in this
memorandun.

During the launch phase and the transitional period
between insertion and injection into the elliptical orbit for
the alternative missions examined, none has a significant
communications coverage advantage. In all cases, two ships
may be required to support launch coverage. Again in all
cases there is approximately a 75 minute gap after insertion
until the first land station contact exceeding 3 minutes. It
may be.necessary that ARIA (Apollo Range Instrumentation
Aircraft) or ship support be provided.

When compared with the present baseline mission only
cne of the alternative ATM missions (150X600 n.m.) explored
exceeds the percent of non-overlapping coverage provided
(31.7% vs 27.2% for VHF; 36.6% vs 29.4% for USB). This mission
also has r.o gaps between 5 minute contacts for 28 days exceeding
50 minutes {(record capability ol AT! tape recorder) comparcd
with 32 gaps for 28 days of the baseline mission. The
150X400 n.m. missioh has approximately the same percent of _
nen-overlapping coverage as the baseline mission and significantly
fewer 90 minute gaps (9 vs 32).
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MEMORANDUM FOR FILE

INTRODUCTION

Several alternative LM-ATM missions are being
examined as backup to the AAP Cluster Mission. This
nmemorandum presents the results of a study to identify any
additional communication system requirements and to compare
the amounts of communication coverage provided by some of the
alternative missions with the baseline Cluster Mission.
Communications coverage data on attainable orbital altitudes
for missions at 28.5°, 50°, and 63.5° inclination angles are
compared for the first 28 days out of 56. For these orbits,
total solar viewing and continuous solar viewing times are
being generated by Bellcommn's Systems Analysis Department in an
effort to establish criteria for judging relative scientific
yield for these missions.

PROCEDURE

Three of the possible alternative missions were
selected for comparison. These were ¢onsidered to be siegnifi-
cantly different in design to present the extremes for compari-
son and yet representative of the group. The communicaticns
coverage analysis was performed with the aid of computer programs.
Basic data for the launch phasce was derived from a modification
to the BCM-ASP program by Irwin Hirsch, of the Bellcomm AAP
Mission Analysis Department. Data for the transition phase
(orbital coverage from insertion to injection into the
elliptical orbit) and the elliptical orbit coveraze for twenty-
eight days was provided by the ALTER T prozram.¥ All coverage
times were calculated for above a 5° elevation ancle from the
tracking station to the vehicle. ’

#UA Computer ?rogram to Compute Space Vehicle Contact Time,
Slant Range, and Altitude," H. Pinckernell, December 8, 1064,
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LAUNCH PHASE COMMUNICATIONS COVERAGE

The following mission designs were examined for
effectiiveness of launch phase communications coveraze: Three
LM/ATM launches, into an 81 x 150 n.m. elliptical orbit; one
designed for a 56 day mission in an orbital plane inclined
at 50[(65° to the equatorial plane and two designed for a 28 day
missipn, one at 50.63° inclination angle and the other at a
63.60° inclination angle. Ship positions were selected some-
what jarbitrarily bascd on experience gained in a vrevious
study¥, to supplement the coverage supplied by the land stations
at Cape Kennedy, Grand Bahama Island and Bernuda (sec Figure I).
Mo attempt was made to further optimize the ship locations, but
they were selected to provide additional coverage from the last
land station's contact through three minutes after the orbital
insertion point.

It was concluded for the LM/ATM launches that only one
ship would be required to supplement land station contacts
and would fulfill launch coverage reauirements of having
continuous coverage throughout the launch period and three
minutes of coverage after the insertion point. Xeyhole
effects were not considered in this studyv. The South keyhole
at Bermuda (BDA) has alrecady been reduced to a 6° half-gngle
from the nominal 10° ordinarily used in these studies. However,
due to the direction of the trajectories considered here, the
gorgh keyhole could be a factor in reducing coverage provided
y BDA.

launch of Lhe CHM-3511 which

The same-three types of missions w2re oxamined for
the : ' c
orbit of 81 x 120 n.m. Simila
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by the combination of land and ship stztions. Here, due to the
lovier apogee, longer time of powered flight, and the maneuvers
employed during the ascent seguence which prolonced the
achievement of insertion, it was concluded that tve ships wculd
be needed to meet requirements as stated. Avproximately 1/2
minute of coverage after insertion is provided by the one ship
positioned as shown in Figure I. A second ship located further
along the subvehicle path would be necessary to supplement this
coverage.

#"Coverage for an Uprated Saturn I Provided by the MNSFN
for a Launch cn a %6° Launch Azimuth," J. P. Maloy, leptember 20,

1968.
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If two ships arc required to be deployed for the
launch of the CM-SM then two ships could be on station for the
launch phase of both vchicles, LM and CM-3IM, since current plans
call for the launch of the LM and the CM-SM to be within four
days of each other.

COVERAGH DURING TRANSITION PHASE (from threc minutes after
insertion to ingectlon into the elliptical orbit)

Once again three mission designs considered typical
in accordance with current studies viere examined for communi-
cations coverage. Insertion points derived from the launc
phase portion of this study were selected and used in the
ALTER I comoputer program. Coveragse provided by the MSEFN
including the three 85' antenna stations at Goldstone,
Madrid and Canberra for more than four revolutions of an
elliptical orbit 81 x 120 n.m. was calculated. A 10° Lalf-anrle

was used for the keyhole at all stations where apnplicable.

The results indicate that for each case there is
approximately a 75 minute mad between orbital inscrtion and
the time the first land station of tho MSFN had s contact -
greater than 3 minutes with the vehicle. Due to the critica-
lity of this phase of the mission, i.e. determinztion of
successful ortit achievement and spacecraft status, 1t is probabl:
desirable that covcrage be provided in this interim by the
placement of a ship in an appropriate lccation or by the use of
ARIA (Apollo Ranre Instrumentation Aircraft). The remaining
portion of this phase is similar for all missions in that there
is adequate coverare,

COVERAGE

A i,

The comparative 2! fQCtIVQNCSS of communications
coverage provided by the MEFN was examined for three of the
alternative mission desicns for a twentv-eizht dar orbital
period with the aid of the ALTER I computer yprorran. The
ones selected (see Table 1) were concsidered ¢5 be basically
different enouzgh to have an impact on the amount of communica-
tions time available. The latitude of pericoee, which was
assumed to be th> injection point, is a function of the
orbital inclination and the apo.we of the orbit. The lon:zitude
of perigee was selected at random since it could initialiy
lie anywhere. Longltude 10°F was used to start this phase of
the coverage analysis.

(_f‘

The results were compared against the baseline mission
over a twenty-eisht day interval (circular orbit at 230 n.m.

-and an inclination ancle of 28.5 der mrees), Fevhole
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affects were factored in using a keyhole half-angle of 10°. The
results are tabulated in Table I and indicate amons; other things
that as the apoge€ increases, the percent coverage provided

by the MSFN increases, as might be expected. Two confizurations
of the ground network were considered. The first was the US3R
stations which are a network of eleven 30-foot antenna stations
and three 85-foot stations. Tananarive was also included here
because of 1its strategic location and its ability to provide
limited VHF telemetry support. The other conriguration

considered was a network in which all stations have a capability
to support the VHF telemetry links of the ATM. This configuration
hes the same eleven 30-foot stations plus Tananarive, but no
85-"oct stations. The addition of the §5~foot antenna stations

at Goldstone, Madrid and Canberra to the VHF network confizuration
for additional US® support did not change the number of rfaps
exceeding 90 minutes (record capahility of ATH tape recorder)
except in support or the 150/300 n.m. orbit.

When compared with the haseline riission, the 150/600
n.m. orbit mission yilelds a greatcr percentage ol coverage
and exhibits no caps sreater than 90 minutes cornared with
32 zaps for both zombinations cf stations. The 15574800 nona.
orbit mission, as can be secn in Table I, has zprroximatelw
the same percent of non-overlapping coverase as the baseline
mission and significantly fewer 90 minute saps (9 v 32).
The 150X300 n.m. rission dic¢ not comrare favorabl:. 2 o its
relatively low aporee and very hich inclination an:'le o

63.5°,

dus=

o
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CONCLUSTON®

Compariscn of the various alternative missions durine
the launch phase ~nd the transition nnase indicates thot

all have similar cuonrort requirements. Each may reaquire two
ships during the launch phase to fulfill coverare reculrements
and each may reaquire the use of another ship or ARIA durinc

the initial orbit 2f the transition rnase to inture a safe
orbit. The baseline rission with a clrculer ortit and a launch.
azimuth of 90° wouls recuire only one inserticn =hinr.

This study of relative communication ~ffcctiviness
indicates that the mission desisn with a cerigee of 150 n.nm.
and an apogee of €00 n.m. and an inclinatior of 50° prevides
the best communications coveraze over the twenty--eight day
period, .when compared to other alternative missions and to the
baseline mission. The 150X400 n.m. mission at an inclination
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angle of 50° compares favorably with the baseline mission in
percent of coverage and exhibits a big reduction in the
number of gaps of 90 minutes or more,

/
K ’I (‘ 1"' ?

2034-JPM-d1b , J. P. Maloy;

Attachment
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